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The development of the powsr imdustry in the Soviet Uniom,
the interconnection of power systems, the construction of '
large hydro and thermal stations are all closely associated
with the creation of high=voltage transmission network and
inter-system tie lines, and with the prodlem of increasing
the transmitting capacity and the length of transaissiom
lines. The extent and speed with which the Soviet power
industry is developing and the enormous area of the coumtry
are factors that require the transmission of power over long
distances.

After the 220 kv transmission voltage was introduoed into
servios in the early thirties, extensive theoretical,
experimsntal and design work was started in the US S.R. to
develop the use of a higher voltage of 380-400 kv, This work
was interrupted by the war. After the end of the second
world war, it was got under way with renswed ensrgy. The
good results obtained from the work made it possible in
1949-1950 to decide on comstructing 400 kv long-distanoe
transmission lines which icro to trmmit power to Moscow
from the large hydroelectric stations being built on the
Volga. The construstion of ths Kuibishev-Moscow trans-
mission line was started in 1952, The 1line was put into
operation in the spring of 1956. The construction of the
Stalingrad-ﬁbscow and Kuibishev-Urals 400 kv transmission
lines will be ocompleted in 1958-1959.

The 3dsvelopment of ths power industry put forth the problem
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of cresting a consolidated power system in the Buropean part
of the US S.R. in the oourse of the ourrent five-year period.
During the first stage of development of this system, it
will be necessary to transmit power in ome direction from
ths region of large power resources to load ceuters that have
insufficient local power resources. This power, to be trans-
mitted over a distanoe of 1,000 xilomsters, is of the order
of 1 to 1.5 million Xw, It is also neoessary to duild large
400 kv intra-eystem cirocuits within the dig power systems
in the oentral, southsra and Ural regions of the cowntry, and
finally to create inter-oystem tie lines with large trans-
mitting capacities. These problems oan be solved by 400 kv
transmission lines; each oirouit of & 400 kv transmission
line should be capable of transmitting at least 500 te
750 W.

In the system of the consolidated power eoonomy, 400 kv
"1ines have several functionst

a) to transmit large blocks of power with a capacity
fastor of 4,500 to 6,500 hours per year from large hydro-
eloctric and thermal stations to power deficit areas;

b) to transmit power from one time sone to another;

c) to transmit reserve power in ocase of equipment repair
and fault conditions.

As & rule, the 400 kv lines carry out all three functions.
However, for oertain lines, such as the Kuibishev-iloscow
and Stalingrad-Moscow lines, the transmission of large
blocks of power in one direction over long distances is

oharacteristic.
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By 1960 there will be 5,000 kilometers of three-phase
400 kv line constructed in the Kuropean part of the US S .R.
as well as 500 kilomsters of 800 kv d.c.- line and 17 sudb-
stations for ths 400 kv lines., The capacity of the con-
solidated powsr system will reach 30 million. kilowatts in
1960.

The second stage in construction of the 400 kv network in
the European part of the Sovict Uniom will dbe completed
during the seventh five-year period from 1961 to 1965.
Additional 6,000 - 7,000 kilometers of 400 kv line and 25
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step-up and step-down 400 kv substations are to be constructed.
The capacity of ths consolidated power system in the European
part of the Soviet Uniom will be brought up to 50-60 milliom
kilowatts by the end of this period.,

Alongside with the developmsnt of 400 kv lines im the
European part of the US B.R,, similar constructiom 1is
planned for in the Asiatic part of the Union., Firss of all,
beginning with the owrrent five-year period, 400 kv lines
will be comstructed to commect imto one system the power
stations in tl;. Irkutsck, Erasnojarsok, Kusmetsok amd
Novosibirsck distriocts, which include the hydroelectrio .
stations being built on the Angara ( the Irkutsok and Bratsck
Statious ), on the Emysei ( the Krasnojarsck Station ) and
the big thermal stations im the Kusbass.

IX. chni 0 of 400 8

A« Transmission Scheme

The transmitting capacity of ome circuit of a 400 kv lime
should not de lower tham 500=750 MW. Sinoc. the economical
current density for alminum=stéel conductors is from 0.5
to 0.6 amperes per mm2, the cross section of the ourrent
carrying aluminum part of the oonductor must de at lsast 1200
to 1600 mm? per phase.

The necessity of keeping the diamster and aoross aootiﬁ"”

of the conduotors within practiocal limits, of reducisg the
line reactance, the corona losses and the radio interference

#
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determined the uwse of bundle oonductors. Im Sovies practios,
the phase bundle is caomposed of three parallel oowductors
spaced at the apesss of an equilateral triangle, whioch side
length is from 400 to 600 mm.

For these oconditions, tl» oross sectionm of the aluminum
part of a single conductor is from 400 to 480 mm? for 400 kv
lines in service, in comstruotiom, and im desigm,

The most difficult prodlea encountered ia lomg-distance
8.0, transnission is the stadility of parallel operatiom
of power stations oounsoted through the long transmissiom
line. Caloulations and studies oarried out om elsctro-
dynamic system medels, mmad particularly the experiemce
gathered from tie first few momths of operating the Kuidisheve
Moscow line, confirm the possibility of stable operatiom for
& 400 kv lime 800 to 1,000 km in length while trans-
mitting from 500 to 750 MW per circuit ‘if several measures
are taken to inorease the stability, such as:’

a) the use of high-speed elsctronic excitation ntuiatoro
for the synchromous generators that react not only upom a
change in ths ocwrrent and voltage, but on their derivatives
as woll ( the so-called "strong acting® regulators);

Much of opsrating experience has bdeen gathered from the
operation of high oloctronic'excitation regulators for
synchronous machines which were developed in owr country
in the thirties.,. If the first types of electronic exoita~
tion regulators could maintain the transient e .m.f. of the
generators oconstant during traniienta, the "strong action®
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regulators designed for the Kuibishev-ioscow transmission
showed during the tests that they as a minimum ocould
maintain constamtthe terminal voltage of the synchronous
machins . This circumstance made it possidle to raise the
initial transmissiom oapacity of the deuble-cirouit Kuibishey-
NMoscow and Stalingrsé-Moscow lines from 1.15 to 1.5 milliomn
kilowatts each.

b) The design of water wheel gemerators for the large
hydre-elsotric stations in acoordance with special technioal
requiremsuts ( reduced tramsient reactance, imcreased oeiling
valus and rate of rise of the exoitatiom, inoreased imertias
constant; ( this measure is used only for hydroelectrio
stations eonmsoted to the most heavily loaded transmissiom
lines, nmely, the Stalingrad and Kunibishev Statious); te
reduction of the reactance of 400 kv power transforwmers; the
we of autotransforwsrs instead of step-down transformers;

o) the use of bundle oonductors for 400 kv lines im
ordsr ¢o reduce the lime reactance;

d) t» installation of intermsdiate switching stations
every 200 to 250 kilometers for sectionalisimg double-cirouit
lines;

¢) the use of series capacitor campemsatiom;

The degree of t@ ocompemsation is mot to exoeed 40¢%
because of limitatiems imposed by the requirements of re-
ducing internmal overvoltages and inoreasing te reliadbility
of relay protectiom. Twe good results mutionmsd above,
which were obtained in testing the *"strong aotion" electromic
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excitation regulators, not only psrmitted to increase the
transmission capaoity of the 400 kv Kuibishev-ioscow lime,
but also allowed th» series capacitor compensation $o0 be
reduced from 40% to 33%. The line Kuibishev-Urals is to
have series oqpuitu; compensation of 30%, whils for the
Stalingrad-Moscow lins this figure is 25%. Thus, for the
400 kv lines desigmed im the Soviet Union, there is a tenden~
oy to employ capacitor compensation moderately.,

f) the use of symchronous condensers at the intermediate
switching stations along the line routej |

These ocondensers are equipped with "strong actiom®
excitation regulators, whose rnnotiog is to maintain the
voltage on the 400 kv buses of the intermediate switohing
stations during normal operation of the transmissiom lime,
and especially during faults. The question of wsing symohro-
nous condensers at the intermsdiate sudbstations as & means
of increasing the stabdility of long-distance transaissiom
is given special stteuntion in the Soviet niom, The instalk -
tion of two 75 lvga symchronous condensers at each switoh~
ing station is provided for the Stalingrad-Niosoow trams-
mission line,

g§) the use of high speed cirouit breakers mmd relays
taking a total of 0.10 to 0.12 seconds to clear faults om
ths 400 kv 1lime;

h) the installation of load resistors on the 400 kv buses
of large hydroslsctric stations, which are automat: cally
switoched on to braks the gensrators im case of a sudden
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- 'Suumt reactors «re previdsd %o énsure normal operating
oonditions for the lims, and to redwd Ve losses and the
interdal overvoltage level, IV is éxpedient - wader oertain
1ond oonditiohs t¢ vary t}0 wwmber of shwmt resctors oonnect-
od Wo & to regulate the transaissicn voltage snd the flow
" 6f YoaoUfve powmy. The tramsuission 1ime Kuibishev-oscow
during the fivet period of ites operetion will nod have step-
Gomn s formers  af the interasdiste eowitohing stations.
An amlysis of the predlem, Where 6 'Install the shwt
reactits ' ‘at' U9 otep-up sidbtation, indicated dhat it is
2070 aBvantageo® %o sonhech Yhew 'to e 400 Xv side.
e ftre | ' tils tréasmission 1ime a8 Woll s the Dxidishev-
‘Urals 1tws has all its shumt rescters’ designed for installa-
- S0 o8 %he 400 kv side. The oonditions for the Stalingrad-
Boseow lins are somswia$ different. Mre, three intermediate
trans fOrenTe ' swdstations of large capacity will de put into
-oowvies at the samd time as the lime fteelf, and the shunt
Teagtors will Vo Hetalled on the 120 er 220 v sides.

S8 "¢oRnsetion dlagran;, Wi geweral layewt end the
switohgear design for the 400 kv switohing stations
defsmitely Provide fer the PEesibility ef eapaniing them inmto
400/100 o $00/220 kv reseiviag substations. The time
required for couverting a switching substatiom imte a step-
down substation 1is determined dy tle powey demand of the
adjacent area. In ocertain eases it is already nscessary at
the tims the lime is being cowstruoted o dDuild intermediate
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receiving substations as on the Stalingrad-joscow line.

The insulation levels .of the 400 kv network are dstermined
by the following omditions:

the 400 kv 1ine 13 protected along its euntire length from
direot lightning strokes by two ground wires ensuring a
protection angls of 15 to 209;

the grounding n.hm of ths tower wually s uwp to ten
oms, for normal soil oomditions ;

the substations are protected from direot lightning
strokes by diverters;

the internal overvoltage level does not oxosed 3 times the
psak phase voltage,

In accordanoe with the adove memtioned the following test
voltages were adopted:

the three-shot 1.5240 microsecond full wave impulse
voltage for the line imsulation has a psakx valus of 1800 to
2000 kv, and that for the substation imsulation 1500 kv;

the 50 cyocls wet flashover voltage for the lime imsula-
tion 1s equal to 775 kv r.m.s., and that for tee external
substation muhtiol 700 xv r.z.8.;

the one-minute 50 oycle withstand voltage for tie intcml
insulation is equal to 700=750 kv r.mw., and that for the
external insulation 8%0 kv TRS,
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One of the most important specific features charaoterisz-
ing 400 kv lines is that: the 1line has to be 'mo:n reliadle,
sinoe its increased capacity and higher cost 1imit the
pouibility vf constructing double circuits in ome direction.
It 1s significant to note that in te Ruropean part of the
Soviet Union only the Kuibishev-Moscow and Stalingrad-foscow
lines transmitting the largest loads are double circuit lines.
All the other lines being designed and constructed at the
present are singles circuit lines, The Wsign of 1line structures
is more difficult for lines of this voltage because of the
increased load on the tower dus to the use of dbundle con-
ductors, greater elsctrical clearances, considerable Qynamic
forces on the tower in case¢ of conductors rupture, etc.

Special teohnical requirements are imposed om 400 kv
lines design in the Soviet Union that differ from the
standards for 110 and 220 kv lines in that certain specifica-
tions are made more severe.

For example, heavy weather oconditions ooccwrring omoe in
15 Joars are assumed for the design of 400 kv lines instead
©f ocourring once in 5 years taken for lower voltage lines.

The present regulations for 400 kv lines take into account
dynamic forces acting on the tower in case of conduetors
rupture, Requirements for the calculations of metal
structures are made more severe ; for oertain conditions,
the allowable tension in the metal of the towers is reduced,

etec.,

Increased loads on the towers and Toundations of 400 kv
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- 1lines already at the first stage of the design work neoessi-
tated searching for ways to reduce these loads, The first
step taken 11; this direction was the use of an aluminum-
steel conductor with reduced steel content., The ratio of the
steel cross section to the aluminum cross section for the
400 kv lines conductor is 1 to 8, instead of the usual ratio
which 1lics between 1 to 4.4 and 1 to 5.1 for 110 and 220
Xv lines conductors, A new series of reduoced welight con-
ductors were developed having an aluminum orcss seotiom
from 272 to 712 mm2, This permitted to reduce the expense
of steel for towers and of oconcrete for foumdations and to
reduce the cost of the ﬁu.

The alwminum-steel conductors have a maximum design stress
of 8 kg/m2 for the aluminum. The actual safety factor for
the reduced weight conduotors is mot lower than 2.75.

Reduction of the design loads for the suspension towers
was an exoeptionally important measure in obtaining an
economical design for the 400 kv 1line, since these towers
comprise 90% of all the towers used. Suspension towers for
all 400 kv lines in thes Soviet Union are calculated only
on the basis of normal operating conditions when accounting
for forces that are present with all the conductors intact.
The wei~-ht of the wires, insulatcrs and sleet and wind
pressure dstermine the wei_ ht gf the suspension tower,
which should bs equally stadble in the longitudinal and trans-
verse directior:. Thare are sevemwl ways of eliminating

forces in :b suspens ion towsy tm‘griu in case of con-

“!

ductors rupture, such as the use of,releasing climp: or
|
R
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olamps with limited holding strength. m all 08ses, the
foroe om the suspension tower for dreaks in all three
oconducters of the phase bundls should not exceed 1.5 to
2,0 tons, This is the foroe at whioh the releasing mechanism
operates; it is also ‘qual to the withstand strength of
the element holding the thres oenduotors of the dundle inm
Shoir clamps., The first 400 kv lines in the US S .R. were
oquipped with special releasing clampe desigmed for a
Phase dundle of three parallel oonducters, ?Phe releasing
mchanisa operates selectively. Phis mechanism does not
free the wires for breaks in ome or two oomductors of the
Phase dundle sinoe the tomthteuontmouom
0ot demgerous te the tower, Bowever, 14 ®finitely frees
the wires when all three ocondwotors of one phase dundle
break irregardless of the ordor. ™e releasing mechanism
( 2£1g.20 ) Suooessfully passed - tests on the 400 kv stand
and excellently funotions °n th Kuibishev-Moscow 1ine, not
OB0® Maving incorrectly operated,

The mecative side of wing releasing olamps is the
08881ty of having to use strain tewers ( or more usually
engle-strain towers ) every 7 to 10 kilometers to 1imie
the 1ime seotion in which tis wires =y fall to the ground
when all three conductors of o phase -Bundle break. TIm spite
of the faet that tae probadility of all three conductors
Wreaking is quite Small, and that sueh o break may coms
adout only dus to extermal causes, Wvertheless, the use of
relessing olamps Toquires the installation of train towers.
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A 400 kv line has been designed that allows strain
towers to be eliminated. In this line, releasing clamps
are replaced by clamps having a limited holding strength,
There fore, when conductors break, they do not fall to the
ground but slip in their clamps, This also limits the
force applied to ths suspension tower for broken conduotors.
At the present tims, these newly designed oclamps are being
tested on experimental lins seotions.

Eliminating strain towsrs reduces the expenditure of
metal for towers by 5 to 4%, and of insulators by 20%.

It also considerably reduces the concrete expenditure for
foundations,

Determining ths most advantageous span between towers
and height of the towsrs is very important in designing
the line structures, It is also important from the stand-
point of obtaining the dest possible technical and economic
characteristics for the lins., Detailed investigations
of this question showed that the economical span is 400
meters, and the height of the suspension tower to the point
where the insulators axe lnmg 1s 27 meters. These figures
are pertinemt to the Eurcpean part of the Soviet Uniom, and
also when the commom type ACO 480/60 alumimm-steel oon~
ductors are used.

After comparing the design of many types of suspensiomn
towers, a H-frams suspemsion tower was adopted for the
first 400 xv 1line Kuibishev-doscow. This tower has pyramidal
posts solidly anchored to their foundations and hinged to
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the oross arm. The distance between adjacent phases is
10.5 meters. A suspension tower for the Kuibdishev-Mosoow
line, which uses ACO 480/60 oonductors, weighs 7.3 tons,
TYPe OT=3 steel 1s wsed having a yield poimt of 2400 kg/om?
and a rupturing strength of 3900 kg/om2., The wind velooity
adopted im designing the lime is 25 m/sec, whioh is oqui-
valent to a presswre of 40 kg/m2 along the projectiom of
the conductor and 5% Xg/m2 on the fonr surface. The
following foumdatioms are used for the towers:

for firm dry soil = 12 m’ packed foundations ( 524 of
the towers );

for loose soil = metal footings with reinforeesd oon-
crete sladbs (134 of the towers);

for poor soil containing water - all oencrete mmseive
foumdations (35% of the towers),

The same type of suspension tower will be wsed for the
Staliw-lo;ow line. However, considering the more
sévere weather conditions along the right-of-wmy of this
line, 90% of which p.-lu threugh the open steppes, the
woight of the tower was increased to 8.6 tons, Pne design
of foundations for the suspension towers in the mew lines
undor constructiom allows work to be carried out throughout
the year, These foundations coms either as mtnbrioqtod
reinforoed aoncrete mushroom shape footings (8 footings,
each 1.16 »7) or as reimforced conorete piles (8 piles
0.4x0 4x7 .0 meters per tower),

For the lines Inibishev-trals, Votkinsk Rydrosleotrie
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Station-Urals and for the 400 kv lines in Siberia passins
through mountainous and forest areas a mew type of H-frame
suspsusion tower has been developed.

This tower is supported by steel wire guys and its ports
are himged to their foundations.

These towers economise about 16% of the -fn, simplify
ths construwotion of foumdations and reduce their volume
from 8-9 m° per tower to 3 »’. This is sm importsat factor
for these regions whezs tmporfstiou facilities are poor.
The use of towers with guys is oconsidered permissidle
along forest and hilly righte—of-way, where there is ao
danger of the guy wires to de damaged by tractors aad
other agricultural machinery.

Twin-circuit 400 kv suspemsion towers are used only
when the right-of-way is crowded and each circuit cammot
be suspended on a separate tower, sinoes it involves
oxtra metal expenditure for the towers.

The insulators of supporting strings are of the por-—
celain suspension typs. They can tal» am elsctro-
mochanioal test load of 7 or 8.5 tons. There are 20 te
22 insulators 1n’ a string,

The angls-strain towsrs with strain insulator stringcs
are of the bar typs for all the lines umder counstructiom.
This is the oheapest of all types of 400 kv angle-strain
towers, '

Angle-strain towers are installsd on solid all ocon=
crete foundations, snd where there is good soil, om packed
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fomdations and prefabricated reinforoed oomarete footings .

Very severs requirements are levied on the design of
400 kv angle-strain towers. They are to be capadle of
operating as Adead-end towers, and also of taking on the load
when two phases (6 corduotors) oove:ed with slset are
brokexn, . -

The weight of angls-strain towers varies from 23 te
2745 tons depending om the angls,

The insulators for the Strain strings are made of por-
celain and are 320 by 200 wmm inm dimension. They are tested

In the 4Q0 kv limes .without strain towers and striags,
angle H~frame towers have boda developed providiag an
angles of wp to 20°, ¥ oonduot~rs are attached %0 these
towers through a suspension string.

The technical and economio Teatures of the 400 kv limes
being designed and construted in tie Iqut aiorn are ?
given in tadle . 11,

Ca 400 kv Substation

The bus arrangements for the 400 kv step-yp, step-down
and intermsdiate seotionaliging substations are Primarily
determined to ensure reliadle o.pnration of the trans-
mission system as a whols and also to reduce the oost of

-

construction, A comparison of several Possidle ‘schemes

N .
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from this standpoint 18d to the use of economical and at
the sams tims reliadbls triangular and square schemes as
well as the *transformer-bus® arrangement for the greater
majority of 400 kv installations (with up to 5-6 elemsnts
conneocted). '

The 400 kv receiving sudbstations located msar large load
osnters transform t!® powsr down to 110 kv smd 4distridute
it at this level within & redius of 30 to 50 km. These
substations wsually have two transformsr er autetramsfermer
groups rated at 270 MVA caeh.

Yor a less conosatrated load amd also for reverse epera~
tiom of the substatiom, & tramsformatien of 40Q0/220 kv s
used and ons or two autotransformer groups are imstalled
at the statiom whioh are rated wp te 500 WVA. The 400 kv
trmtc.u and sutotransformers are almays equipped with
booster transformers with tap changing wnder load.

In designing the 400 kv eutdoor switohgear for the sudb-
stations of the Inidbishev-lloscow line special attemtiem
was paid to ensure relisdls operatiom of the equigment and
to provids for its couveanisut installatiom and ropair.

The 400 kv owtdoor switchgear oemes with metal pertal
supporting structures amd extarmal main duses.

A bay 1s 28 meters wide; & lise-bay is 161 meters loug.
The distance betwsen phases 13 § meters.

The duswork for a phase occusiste of twe bare cepper
cables, each 300 mm? 1n cress sectiom, arramged herisewtally
400 mm from esch etier. | .

Approved For Release 2008/11/21 : CIA-RDP80T00246A002000050002-2




Approved For Release 2008/11/21 : CIA-RDP80T00246A002000050002-2

18.

The design of 400 kv outdoor switchgesr for the sub-
uqu;nt transaission systems was reviewsd and simplified
taking into consideration .‘tb experience gained from the
construstion, installation and operatiom of the first 400 kv
substations. This new typs of switchgear will be used for
the 400 kv Stalingrad-Moscow and Kuibishev-Urals trans~-
mission systems, It giv.u a 204 saving in the material
for the structures amd in the ocost 'o‘t construoting and
installify the swidehgear. ,

The arrangement of ths 400 kv substation depends om the
pumbey of outdoor switohgear wumits for variow voltages,
the way the transmission line snd railroad approaches tie
station, snd also on the terrain in the sudstatiom area.

For large substations with three voltages of 400, 220
and 110 kv a frontal arrangessnt is used. Yor substations
with only two voltages, 400 smd 110 kv or 400 and 220 kv,
a closed arrangemsnt is frequeptly used where ome outdoor
switohgear 1s placed in dack of the other and the power
transformsrs and synchronous condensors are installed in
the middle along the railroad tracks.

All of the equipment for the 400 kv sudbstations 1is
supplied by the electrical industry of the SBovist Union.
Brisf characteristics of the main 400 kv equipment are
given below,

Step-up transformers = Rating 570 MVA im three-phase
group ‘(3 timss 123.5 MVA)$ voltage 13.8 /420 or 13.8/121/
420 kv dalta-wye-wye connection; meutral on 400 kv side
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grounded either solidly or through small resistor; short
circuit reactances HV-MV -19.5%; HV-IV = 14.5%, W-I/ -
5.5%; water cooled with foroced oil circulationm,

Step—down transformers = Rating 270 MVA in three-phase
group (3 times 90 MVA); voltage 410/115/11 kvi wsutral on
410 kv side solidly grounded; wye-wye-delta counsotiom}
short cirouit reactamoes: HV-iV - 13%; WV-IV - 19%,

MV-IV - 5%; air cooled.

Step=down autotransformsy - 1) Rating 270 MVA in three-
phase group ( 3 times 90 MVA ); voltage 410/115/11 kv;
neutral on 410 and 115 kv sides solidly grounded; 410/115 kv
windings connected in wye, 1l kv winding conneocted in delta;
booster transformer for tap changing umder load oomnected
in neutral 410/115 kv windings; short cirocuit reactancesj
HV-MV =10.5%, HV-IV = 19.5%; W~-IV =9.0%; air cooled,

2) Rating 500 MVA in three-phase group ( 3 times 167 kva);
voltage 420/242/11 v} neutral of 420/220 kv windings
s01idly grounded; 1l kv winding conmeoted in delta; short-
circuit reactances: HV-MV-10.5%; HV-IV=-15.5%, MV-IV-12 .5%;
air cooled,

400 kv Cirouit Jreaker = 1) Air dlast with disconneotor;
rated current 2000 a; interrupting capacity 10,000 MVA3

disconnscting time 3 eycles.

2) Ditto, but with interrupting capacity of 15,000 MVA.
400 kv Disconnecting Switches: nife blads, rated

current 2000 and 1500 aj a.c. motor drive,
Potential Transformer Cascade type, transformation co=-
efficient 420,000/ 100/ 100 v; power consumption 300 va,

3 V3
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Scouracy class 0.5,
C
mrrent fransformer Casocade type » transformaty
efficient 2000~1000-500/1a | o
Shim '
\mt Reactor Single phase rating 50 wva; voltage 400 kv
neutral solidly grounded; air co0led. | ;
0 it Stack type
230 » Oapacitance

m:' quency :r_ag' X _
Suspension type, se1r inductance

2 mh, rated current 1se e,

Structed by the £a1) °f 1955, except for the troudlesome
Seotion in the Djigounlee distries, By that time, gop-
struotion ama installation work at the 400/110/22.0 kv
::::-: fubotation in Nogimsk had also deen completed, This
research work and tests to be ocarriea .

:tim during the winter of }955/195‘ when nppJq::: ::ot:
from the Noscow end, N
The program of this work included BSasuring the lime

:ara-toro. ohecking the operation of oqum# and

Praratus, and masuring voltages and owrrents for differe
°perating conditions of tne line. By the Spring of 1956 "
?
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way feed of the transmission line,

In April 1956 the necessary tests wore made and the
first circuit of the 400 kv Kuibdishev-Moscow line 815 Im
ling was put into servioe. In October 1956, the second
400 kv substation at the Moscow end was put into service as
well as the 77 lm, 400 kv 1line Noginsk-Northerm. In the
begiming of December 1956 the second cirouit of the trans-
mission line was put into service.

For eight months in 1956 the 400 Xv line transmitted
1750 million kwh .from Kuibishev to Moscow. The maximum
power transmitted through ome circuit m equal to 500-520
M. After the second circuit was put imto servioce inm
December 1956 the transmissiom capacity inoreased and inm
February 1957 over 600 MW was transmitted over the two
circuits,

Actual onto-' tests of the transfer ocapacity of ome
oircuit of tramsmission line from the standpoint of steady
state stability showed that without series ocapacitor com=
pensation /md with only standard excitation regulators on
the generators the steady-state stability limit for a
voltage level or.420 kv 1s equal to 560-580 MW. Setting
the steady state stability factor at 10 to 15%, the transfer
capacity of one circuit under these conditions is equal to
500470 ¥ .

The line parameters were determined experimsntally in
the course of this test program. The mesasured valuwes of
the phase-to-ground and phase-to-phase capacitances per
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kilometer of line are C;)=0.00878 and C;o=0.00103 MF4/km.
The working capscitance Oy evaluated as C31+3Cjo is equal
to 0.01187 MFd/xm.

The frequsncy characteristics of the line resistance amd
reactance were also dstermined dbetween 10 and 130 o.p.s.
The results are givem in fig.2l and 20. In the above
freQquency range, the positive sequence resistance increases
by 1.5 times, while tho.uro sequence resistance increases
by 8 to 10 times, The measured values of the positive
sequence resistance and inductanoce as well as the linme
capacitance at 50 o.p.s. are sufficiently close to the values
of zero sequsnoe® taken in the project. The measured values
of zero sequsnce paramsters, and especially the resistanoce
consederably differ from the valuss taken in the projeot

which were ocalculated by Carson's formula. ( See Tadble III). -

While the line was being tested, corona losses were
measured on the line sections Eastern Substation -switching
station No.3 (117 km) and Dastern Substation - switching
station No.,2 (391 km). The maximum value of the losses
during hoar frosts which were measured on these sections
is equal to 15-16 kw/km for three-phases, whils on the test
line in Ieningrad this figure amounted to 18 kw/km for
similar weather conditions. The losses on the line in
clear weather were mesasured at 3 kw/ke for three~phase, while
on the test line it was 0.6 kw/km, The discrepancy is
explained by the fact that the conductors on the Kuibishev-

foscow line during measurement were in the prooess of
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‘aging®, which lasts for 6 to 12 months.

The voltage was measured at various points along the
unloaded transmission line., In doing so, voltage was
applied to variows lengths of open line from the Moscow
end with different numbers ef shunt reactors comnected.

able
Operating oconditions ¢ Volt on 400 kv buses
s ching :
$ station No .2:hydroelectric
3 i _station

1 391 km sectiom ocennected
at Moscow ena, without
reaoctors 480 - 510 -

2 The sams, 150 MVAR of
reactors connscted to
switching station No .2 400 -

3 815 section conneoted at
Moscow end, withomt
reactors 800

4 The same, 150 MVAR of reactors
connecte& to switching sta~
tion No.2 at Kuibishev hydro-
elsctric statiom 420 415

-

The line 1s usua)dy connected for operation at the
Moscow end with twe reactors connected to the line ; then
the RKuibishev wdrphctric Station is synchronised.

The muunmnﬁ;,‘or internal overvoltages for the block

transmission uch* of one circuit without series compensa-
tion is of 1nteffst. Besults of the most severe tests are as

.M

i

“ -
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follows: with 635 km of open line conditions were oreated
whereby the voltage at the begimning of the lime before
the breaker cleared was 1.5 V phase. The lime with a
reactor at the middle switching stat‘ion was connected te
the Moscow end., The reactor was then disconmected, This
{noressed the voltage throughout the lins. After a short
time when the voltase at the beginning of the 1liue reached
the above mentioned valus of 1.5 V phase, the rpen 1liny was
cleared by an air blast breaker at the Moscow end, The
voltage across the circuit breaker contacts im discommeoct-
‘ing the open line for the above mentioned conditions
reached 2.6 V phase ( where V phase is equal to Xv)s
The breaker did not are bdack.

The largest overvoltages were masured in disoonnecting
the transmission line with a minimum of gemerators connect-
ed for a single ling-to-gromd fault on the Rastern Sub-
station 4090 kv buses. This fault was liquidated by clear+
ing 391 km of line with the air breakers at the middle
switohing station ( see fig.22).

Five such tests were condmsted. The results of two tests,
in whioch the largest overvoltages were measured, are givea
in table V. Per unit voltages are given, the base bdeing
420 kv, The first to olesar was breaker B, at the Rastern
Substation, and after it, breaker 3g at the middls switch-
ing station,

For the above conditions the air breaker at the middlr
switching station successfully cleared the line without

any arcing back.

In the course of tests, 14 faults were imposed.
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Three of them were solid faults and 5 were arcing to check
the action of the relay protection, The carrier-—current
reiays and single phase automatic reclosing functioned
properly. Self-synchronizing tests for the enerators at the
Kuibisbhev Hydroelsctrioc Station were conducted. Whem the
generators had less than 50% of their rated load they fell
into symchronism instantaneously. Yor loads exoceeding 50%
rated, they pulled imto synchronism after slipping for about
16 to 17 seconds., Current surges during the self-synchro-
nizing process did not exoceed 300% of rated. Tests were
conducted to study the clearing of an arcimg groung fault
when disconnecting only the faulted phase. Many such
faults were imposed om lins sections from 117 te 815 km
leng. The results were quite positive confirming the
possibility of uwsing single phase automatically reclosing
for 400 xv line sections up to 500 km im length.

Studies of the carrier current channels along the 400 kv
conductors indicated that the anticipated interference
levels were exaggerated, the actual interference lsvel bdeing
2.5 nepiers delow their design val;ns.

During the summer of 1956 there were very many thumder
storms along the lime route, Nevarthsless, the line was
never disconnected on this account.

Since 1953 galloping conductoﬁ were noticed eight times.
In one case, a”. three phases of a span galloped with an
amplitude of 7 to 8 meters, 1In another case, one phase of
a snan galloped with an amplitude of 2 to 4 meters, One

gnasae of the transition across the Ustinski reservoir,
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. meters long, galloped with an amplitude of 4 to §
rmeters,

After ohanging over im 1955 from the earlier desigmned
chockerboard arrangement for the spacem to the group arrange-
mot, no dsfects in operation were noticed,

Studies show that the dampers, which are to prevent the
wires from vibrating entirely sérve their function, The
vibration protection scheme for long spans also Justified
itselsr,

The insulation and line accessories did not show any
signs of failures or defects whils conducting tests on the
line,

On the whole, the 400 kv lines 815 and 890 km long were
put dinto servioce quite normally. The good performance of
the 1line in 1956 confirms the propoai tions made by Soviet
engineers in working out the design in 1950-1952,

The problems to be encountered in the future in the
field of large high~voltage a.c. transmission systems are
as followss

1) to improve the solutions to the prodlem that were
already made, and to reduce the cost of 400 xv transmission
systems ;

2) to work out prodlems connected with oconverting the
400 kv lines already in service for operation at 500 kv,
since it is possible to reduce the valus of the internal
overvoltage, Thereby the insulation of the installeq
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oquipment will be more fully utilised;

3) to develop the theory of using a still higher a.c.
voltage of 600-750 kv; to carry out the DS OeSSAry research
and to design equipment for this voltage level that will
provids for a further increase in the capacity and lsngth
of the transmission system.

-~
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Taple II 4 -
Contjy
Technical and economic characteristics of Soviet 400 kv e trom the table !
lines in tesign and construction
s R SO N RN AT S € 1 7= T 4 : I SN N - S 7 TS S 7 SN
/ —_— T
{ Line Number ofh’hase Design conditions} Type c€ VWeigit iType of jType of m-]_e'strﬁn towerslrsteelichaxa- .
1 circuits crocs=- Span n Y3 Sus pen~ oft" ,)}:,pen- £fzundation expen-jcteristic
3 section pressurej of sion ¢ SuSpn-! sion for suspen+ Type %oight diture jof right | Remarks
{ of ) m  jon con- {sleet tcwer sion |} clamp $sion tower tons per km; of way
3 aluminium ductgrs load 1 tower includ
! -steel kg /m kg/m ttons | $ i ing {
H conguctors . founda+
H mm tion
? tons
460 0.5
1  Kuibishev-Moscow 2 3x480/60 40 H-Frame 73 Releasing All Bar B.0-27.5 29.5 Isvel In opera-
425 1.15 concrete tion
A
2  Kuibishev-Tatnjeft 3x480/60 400 46 1.15 Dpitto , 8.6 Ditte Reinforoed Dpitto 29.0-27.5 28.7 Ditto  Under con-
o . oogc;et:ipiles struction
3 Tatnjeft-Zlatowust 3x480/ 400 46 1.15 HB~Frams and footings
supporte .. 742 Ditto Ditto Ditto 23.0-27-5 27.2 Mountainous Ditto
with guys
4 Stalingrad-Moscow 3x480/60 400 46 1.15 H-Frame 8.6 Ditto Ditto Ditto 23.0-27.5 29.4 Ipvel Ditto
5 Stalingrad-Donbass 2x712/93 370 57 1.15 81 443 Ditto Ditto H-Frame  13.0 18.3  Dpitto 3400 kv
pos D.CJline
T-Frame
6  Troitsk~cheljabinsk 32480/60 400 46 1.5 H-Fram 0 Ditte  Dpitte  mar 20275 310 Ievel design data
¢ 7.2 Limited
7 Votkinsk-Sverdl k 1¢] 15 . ,
verdlovs 3x400/50 330 46 1.15 ’iggz ::g;ngh Ditto None Nome  23.4 Mountainous Dpitto
with g et - ‘
Srateck-Irkutack 3x480/60 415 57 135 ottt s0py g2 Ditte  Ditto  Ditto  (Ditto  28.0  pytre Ditto
D H-Frame 5% *
i
i
i
{
/ |
v
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30.
Table v

Trail: Conditions

Measured voltages when disconnecting
breaker 35 afterwards at the middle
switching“station

3

¢ Measured voltages when

: disconnecting breaker B3
at the Eastern Station

Voltage on breaker: Voltige at
)5 contacts $ poinyg US
3

3 1
Voltage on :Voltage at iVoltage at

contacts 3

oofeo a0 ve oo 00 00 00 0

s
:

3

H

t ‘breaker tpoint tpoint U
! B3y Uy 4
3

:

1 1 - :
Poak:steady-:Peak:Steady-:Peak 1Steady-1 Peak : Steady- : Peak: Steady-
tstate istate istate 3 1 state H 1 state

1.

Line cleared without
single line-to-ground , -
fault 155 1222 2,20 1.82 2.39 1.78 2.55 1.28 1.95 1.40

I;lnolslemd with
si line-to ound
Ht at point?
near Eastern Statiom

buses 1.80 1.30 2.60 2.0 2.50 2.0 3.30 140 2.00 1.40

a s LI |
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Fig. 1 = Growth in the output of the power stations in
the Soviet Union during the post-war years
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Fig.2 = Schems of ths Kuibishev-Nosoow transmission system
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rig. 9 = Diagram of the main 400 and 220 kv circuits in the
consolidated power system of the European part of
the US.S.R. as planned for 1965
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Fig. 4 = Design of conduotors used for 400 kv lines
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rig. 6 - ?he effect of series ‘capsoitdr cospensation om the
lsvel of internmal overvoltages in a 400 kv system;
Notes to Fig. 6s
1 = In caloulating the curve, the reactances of the sending
and rooqivinc systems were taken into acoount as was the
increase in impedance of the series ocapacitor installation
after clearing the faulted section.
2 = In caloulating the curve the voltage on the capeacitors
at the moment the fault is oleared wes taken to be equal to
the breakdown voltage of the jyrotective gap across the:
seriss ocapacitor installatiom. |

o
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Fre 7 = 8 oapacity of a 400 kv transaissiom system
1000 km lomg o8 & funsction of the seriss capasitor
rating (1), the wu&d syochronous condenser
rating (2), emd ths umoompensated syushremous
condemser rsting (3)

\
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Fig. 8 = Schemo of ths 400 kv Stalingrad-Moscow transmission

line
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rig. 9 - e effect of shunt reactors ou the internal over-

voltage level of a 400 kv system
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Fig.10 - Releasing mechanism for throe conduotors of a 400 kv
line
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Fig.12 = Angle-otrain tower for a 400 kv 1line
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= Scheme of the 400 kv Northern Substation
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Fig.15 - Pl for a 400/110/220 kv substation
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Fig.16 - Bection of the new desigm ef 400 kv ewtdoer
switohgear
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Fig.17 - 400 kv air breakers
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Fig.18 = 400 kv step=down power transformer
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Fig.20 = Frequency charactertistiec of positive sequence
resistance and reactance of a 400 kv line
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Fig. 22= Schems for testing an air breaker om interruption

of transmission
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